Introduction: Ectomethrin (ECM) a synthetic pyrethroid, has broad spectrum use in agriculture, domestic and veterinary medical applications. Its prolonged and indiscriminate use has both acute and chronic toxicity in non-target species including humans. Aim of the work: To evaluate the toxic effects of ECM inhalation in rats, and its recovery after stopping the treatment. Materials and Methods: A total of forty Wistar male albino rats were divided into four groups. First group served as control group and received no treatment. Second group; ECM45 was administered 0.3 ml/kg/day of ECM daily by inhalation for 45 days. Third group; ECM90 group was administered the same ECM dose for 90 days. The forth group is the recovery group; Rec30 was administered the same dose of ECM by inhalation for 90 days, then the inhalation was stopped and the animals were left to recover without any treatment for another 30 days. At the end of the experiment, blood and tissue samples were obtained. Results: ECM-intoxication revealed significant alterations in the oxidative stress parameters, malondialdehyde and superoxide dismutase in all treated groups. However, these alterations were attenuated in the recovery group and tended to approach normal levels. Histopathologically, ECM-intoxication revealed dramatic changes in liver and lung tissues and induced minor changes in the heart. The liver showed ballooning degeneration, focal lymphocytic aggregation, pyknotic nuclei, dilated central vein, collapsed sinusoidal spaces, focal necrosis and vascular degeneration. The lung revealed marked respiratory inflammation and focal necrosis and the heart showed myocardial hypertrophy. The recovery group had less severe complications in investigated tissues. Conclusion: ECM inhalation resulted in severe biochemical and histological alterations that were attenuated after stopping inhalation.
INTRODUCTION
Synthetic pyrethroid insecticides are photo-stable analogs of the natural pyrethrins of botanical origin [1] . They are among the most commonly used pesticides for controlling agricultural and indoor pests [2, 3, 4, 5] . Recently, the use of pyrethroids has been increasing because restrictions have been placed on many of the organophosphorus insecticides [6, 7, 8] . Although the specific mechanisms underlying their activity are incompletely understood, natural pesticides are considered the safest based on their target specificity and rapid degradation in the environment [9, 10] . Pyrethroids have been generally classified into two subclasses, Type I which have not cyano-group, such as permethrin, while most of Type II have it such as cypermethrin [1] . In rats, Type I induced hyper-excitation, aggressiveness, hyper-aesthesia and whole body tremors [11] . Among Type I Pyrethroids, ECM is a highly active insecticide against a broad range of pests including lice, ticks, fleas, mites, and other arthropods. It acts on the nerve cell membrane to disrupt the sodium channel current by which the polarization of the membrane is regulated. Delayed repolarization and paralysis of the pests are the consequences of this disturbance [4, 10] . Also, ECM inhibits various adenosine tri-phosphatases including the calcium magnesium-ATPase in nervous tissue [11] . The disrupted membrane polarization and calcium homeostasis are directly linked to oxidative stress and many other cellular dysfunctions of vital organs as reported by Yang et al. (2018) [12] .
Most simply, oxidative stress can be defined as the imbalance between the production of free radicals capable of causing lipid peroxidation (LPO) and alter the body's antioxidant defense system [13] . Reactive oxygen species (ROS), such as superoxide anions, hydroxyl radicals, and H 2 O 2 , enhance oxidative processes and produce lipid peroxidative damage of cell membranes. Malondialdehyde (MDA) is a well-known byproduct of LPO and its formation indicates oxidative cellular damage following exposure to a xenobiotic compound. Moreover, among the cellular cyto-protective molecules that may protect against oxidative stress is superoxide dismutase (SOD). It catalyzes the conversion of the superoxide anion into oxygen and hydrogen peroxide, and the latter becomes oxygen and water via catalase activity [14] .
Therefore, the present study aimed to evaluate the cytotoxic effect of ECM inhalation in rats, and the recovery effect after stopping of ECM inhalation. This effect was studied by the investigation of the histopathologic profile of rat vital tissues, liver, lung and heart, as well as, the oxidative stress parameters, MDA level and SOD activity.
MATERIAL AND METHODS

Chemicals
Commercial formulation of ECM was obtained from Plants Protection Research Institute, Dokki, Giza, Egypt. Chemicals and pure reagents were purchased from Sigma.
Median lethal dose (LD50) estimation of ECM
Median lethal dose of ECM was estimated by inhalation method of different doses of 10-100 ml/kg.b.wt to Wistar male albino rats. Rats were divided into five groups (n=5) after starving the animals for 24 hours according to Lorke (1983) [15] . The animals were observed from possible manifestation of physical signs of toxicity such as weight loss, decreased respiration and finally death. The number of deaths were taken in each group within 24 hours. The LD50 was calculated as the geometrical means of the maximum dose producing 0% (a), and the minimum dose producing 100% mortality (b). LD50= √ab ; (a=10, b= 90, LD50= √10×90 =30.
Experimental design
Forty healthy adult male Wistar albino rats of similar age (3-4 months), weighing 120-150 g, were obtained from local veterinary research institute (Beni-Suef, Egypt). The rats were housed in groups of 10 rats per cage. They were acclimatized for one week before starting the experiment. The animals were maintained in a room under standard or hygienic conditions of controlled temperature (25 0c), relative humidity (60), 12-h day/night cycle, fed with standard rat pellet and allowed drinking water ad-libitum throughout the experimental period. The study is adapted to bioethics of Egyptian Scientific Research Academy that coincide well with the National Institute of Health (NIH) Guidelines.
The rats were divided into four groups (n=10), first group served as control group and received no treatment. The second group (ECM45) was given 0.3 ml/kg/day (1/10 LD50) of ECM daily by inhalation for 45 days. Third group (ECM90) was given the same dose of ECM daily by inhalation for 90 days. The forth group (Rec30) served as recovery group was administered the same dose of ECM daily by inhalation for 90 days, then stopped the inhalation and left to recover without any treatment for another 30 days. The control animals were sacrificed simultaneously with each of the treated groups.
Biochemical study
SOD activity was determined according to Das et al., (1993) [16] . MDA level was determined according to Ruiz-Larrea et al. (1994) [17] .
Histological study
Liver, lung and heart tissues were dissected out and their tissue samples were fixed in neutral buffer formalin (NBF) for 24 h, processed by using a graded ethanol series, and embedded in paraffin. Then 5 μm thick sections were obtained and stained by haematoxylin and eosin for light microscopic investigations [18] .
Statistical analysis
The data were expressed as means ± SEM Data were analyzed by analysis of variance (ANOVA) followed by the Duncan multiple range test when the F-test was significant (P<0.001). All analyses were performed using the Statistical Package for Social Sciences (SPSS) software in a PC-compatible computer.
RESULTS
ANOVA revealed significant alterations in the level of MDA and activity of SOD between all groups throughout the experimental period. Daily ECM inhalation showed a significant increase (P<0.001) in the level of MDA of all treated groups. However, this increase was attenuated by the stopping of ECM inhalation for 30 days in the recovery group (Figure 1) . A significant decrease (P<0.001) in SOD activity was obtained in all treated group. This decrease was exaggerated in ECM90 and then nearly returned to its normal activity after stopping ECM inhalation for 30 days in the recovery group (Figure 2 ).
Light microscopic picture of normal liver section showed hepatocytes arranged in thin plates, with one/ two cell thick, compressing narrow sinusoidal spaces in between. The hepatocytes have eosinophilic cytoplasm containing one or two large rounded nuclei with prominent nucleoli (Figure 3a ). Hepatotoxic picture of ECM90 appeared with disturbed architecture, ballooning degeneration or vacuolated liver cells, focal lymphocytic aggregation, pyknotic nuclei, dilated central vein, collapsed sinusoidal spaces and vascular degeneration, in addition to local cell death resulting in multiple-foci of necrosis (Figure 3 b&c) . This dramatic degenerative picture was greatly ameliorated after stopping of ECM treatment for 30 days in the recovery group (Figure 3d ). Lung sections of the control group showed simple normal respiratory epithelium with columnar and ciliated cells containing few goblet cells (Figure 4a ). The smooth muscle fibers are the most prominent feature of the bronchiole and are disposed in a spiral manner encircling the mucosal and sub-mucosal layers of the bronchi. Each respiratory bronchiole divides further into several long passages called alveolar ducts, that breakdown into numerous thin walled alveolar sacs and alveoli. Surrounding each alveolus is a rich network of pulmonary capillaries for gas exchange. ECM90 showed thick walled alveoli, necrotic hyaline cartilage and vascular degeneration. Moreover, marked respiratory inflammation was observed as peribronchial and perivascular lymphocytic aggregations (Figures 4b&c). The recovery group showed less severe complications in the respiratory tissue (Figure 4d ). Normal myocardial cells are seen to contain one or two elongated centrally located nuclei and extensive cytoplasm which branches to give the appearance of a continuous three-dimensional network (Figure 5a ). ECM90 revealed hypertrophic myocardium and elongated hyperchromatic nuclei, where the muscle fibers appeared to be enlarged with densely stained nuclei (Figure 5b ). The heart of the recovery group showed nearly normal cardiac architecture ( Figure 5 c&d) . 
DISCUSSION
Oxidative stress is a term commonly used to announce the imbalance between the concentrations of ROS and the anti-oxidative defense mechanisms of the body, besides, it played an important role in cytotoxicity in many in vivo and in vitro models [14] . The current study clearly showed that ECM exposure induced oxidative stress. This stress accompanied with increased generation of ROS and alteration of MDA level and SOD activity. MDA showed significant increase in both 45 days and 90 days treated groups (p≤0.001) as compared with control group. Cypermethrin was also report to induce the level of MDA with a concomitant increase in ROS [19] . The increased level of MDA observed in ECM inhalation was also reported as a result of pyrethroid insecticides exposure by several authors [20] [21] [22] [23] [24] . The current value of SOD activity represent a significant decrease in ECM-intoxicated groups (p≤0.001). This depletion in the enzyme activity was consistent with other studies which confirm the role of oxidative stress as a potential mechanism for pyrethroids induced cytotoxicit y [14, 23, 25, 26] . In the recovery group, MDA showed a significant increase (p≤0.001) approaching its normal level obtained in control group, however, SOD revealed significant decrease (p≥0.001) appearing higher than that of the intoxicated ones. These results may be suggested that the stopping of ECM inhalation strengthen the powerful capacity of internal antioxidant system to attenuate and minimize the level of MDA and induced the activity of SOD. Giray et al. (2001) [25] reported that exposure to certain environmental pollutants such as pyrethroid resulted in continuous formation of ROS in the cells, which being harmful in excess production. The rat tissues under current investigation may be susceptible to oxidative damage resulting from ECM-inhalation which could act as renewable source of free radicals. This was significantly appeared in the histopathologic picture localized by light microscopic examination for ECM90 intoxicated group and recovery group. Varying degrees of moderate to severe toxic alterations in the liver, lung and heart of male albino rats were observed. These alterations were focal necrosis, lymphocytic aggregation and vascular degeneration in liver tissue. Similar results also were observer by Grewal, et al., (2010) [27] who reported that oral cypermethrinadministration produced necrosis of hepatic cells, with pyknotic nuclei and dilated sinusoids. In addition, Mamun et al., (2014) [28] reported that cypermethrin intoxication induced deleterious impact in the structure of the liver tissues [29, 30] . In addition, fatty degeneration, vacuolation and necrosis of hepatocytes had been observed following the exposure of animals to different pyrethroid treatments [20] [21] [22] [23] [24] . In the lung tissue, the current microscopic study localized necrotic hyaline cartilage of the respiratory bronchioles, focal inflammation and vascular degeneration. These findings are in agreements with those obtained by Grewal, et al., (2010) [27] who reported dose-and time-dependent histopathological alterations with congestion, hemorrhage, and thickening of inter-alveolar septa. Recently, in 2017, Yang et al., [10] demonstrated that natural pyrethrins increase the production of ROS, reduce cell viability and enhance apoptosis in hepatic cells. In a study on the liver and lung of pyrethroid intoxicated mice, the authors concluded that these insecticides cause hazardous effects in nontargeted organisms through inhalation exposure [31] . The heart of the current study showed hypertrophic myocardial activity. Similarly, single administrated dose of pyrethroids induce hypertrophic alterations in rat heart as indicated by Kale et al., (1999) [20] . In a previous report on the heart tissue, it was shown that the lower dose of cypermethrin has no apparent adverse effect, but higher dose produced hemorrhages, disruption in branching structure with loss of striations, and early necrotic changes in the myocardium [27] . The author claimed that these changes observed in heart may suggest a prolonged harmful effect of cypermethrin. Consequently, it may be suggested that the effect of pyrethroid insecticides had a dose dependent effect.
From the present study, it may be concluded that ECM inhalation induces cytotoxic effects and oxidative stress on non-targeted organisms. Accordingly, it may be suggested that ECM produces a potential health risks accompanied with severe histopathologic alteration in the tissues of the most vital organs, liver, lung and heart. These resulting toxicity may be attenuated or minimized by the withdrawal effect of these environmental toxic compound.
